
June, 1939

Production of Mottled Enamel Halted

by a Change in Common

Water Supply
H. TRENDLEY DEAN, D.D.S., F.A.P.H.A., AND

FREDERICK S. McKAY, D.D.S.
Dental Surgeon, Division of Infectious Diseases, National Institute of

Health, U. S. Public Health Service, Washington, D. C., and
Consultant, U. S. Public Health Service, New? York, N. Y.

IN the United States at present there able for study various communities
are about 375 lknown areas, divided whose common water supplies contained

among 26 states where mottled enamel fluorides in different concentrations.
of varying degrees of severity is found. This, in turn, permitted detailed quan-
This large number of areas made avail- titative study of concomitant variations.

FIGuRE I

* Read before the Epidemiology Section of the
American Public Health Association at the Sixty-
seventh Annual Meeting in Kansas City, Mo.,
October 25, 1938.

A recent report 1 summarized studies
on the quantitative relation between the
fluoride concentration of the common

[590]



591MOTTLED ENAMEL

TABLE I

Illustration of Quantitative Relation Between the Fluoride (F) Concentration
of the Common Water Supply and Severity of Clinical Affection

City and State
Pueblo, Colo.
Jct. City, Kans.
Big Spring, Tex.
Mullins, S. C.
East Moline, Ill.

Webster City, Iowa
Monmouth, Ill.
Galesburg, Ill.
Clovis, N. M.
Colo. Spr., Colo
Plainview, Tex.
Amarillo, Tex.
Conway, S. C.
Lubbock, Tex.
Post, Tex.
Ankeny, Iowa

;s A

83 0.6
115 0.7
68 0.7
47 0.9
110 1. 5*
72 1.6
38 1.7
57 1.8

138 2.2
148 2.5
77 2.9

229 3.9t
59 4.0
168 4.4
38 5.7
21 8.0t

2.4

1.7

3.0

10.6
24.5

26.4

42. 1

35.1

71.0

67.6

87.0

89. 5

88.2

97.5

100.0

100.0

Percentage Distribution of CUnical Severity

Pathognomonic Signs

Absent

Normal Quest.
88.0 9.6
95.7 2.6
85.3 11.7
68.1 21.3
55.5 20.0
65.3 8.3
36.8 21.0
45.6 19.3
13.0 16.0
18.2 14.2
3.9 9.1
3.5 7.0
5.1 6.7
1.2 1.2

. . . ..

... . . .

Present

VeryMild Mild Moderate Severe
2.4
1.7
3.0
8.5
18.2
22.2
36.8
26.3
23.9
28.4
33.7
16.6
20.4
10.7
. . . .

. .. .

2.1
5.4

4.2
5.3
5.3

35.4
21.6
24.7
24.9
32.2
24.4
10.5

9.5

. . .

0.9

3.5
11.0
14.2
24.7
34.5
23.7
44.0
50.0
47.6

0.7

3.4

3.9

13.5

11.9

18.5

39.5

42.8

* Subject to possible correction to 1.3 p.p.m.
t Subject to possible correction to 4.2 p.p.m. during susceptible period of the age group examined.
t Single determination, all others, arithmetical mean of 12 consecutive monthly samples.

(Computed largely from data recorded in Public Health Reports, 52:1249-1264
(Sept. 10), 1937, and American Journal of Public Health, June, 1936.)

water supply and the clinical effect.
Quantitative increase in the fluoride
concentration of the domestic water
was concurrent with an increase in the
amount and degree of clinical severity.
The direct verification of concomitant
variation is shown in Table I. In
order to present these tabular data
graphically, a numerical index of clini-
cal severity was computed by giving
a definite weight to each of the several
degrees of clinical affection. The fol-
lowing weights were given to each diag-
nosis: Normal, 0; Questionable, 0.5;
Very Mild, 1; Mild, 2; Moderate, 3;
and Severe, 4. The weighted index of
clinical severity was then plotted against
the fluoride concentration of the com-

munal water supply. Figure II shows
a rather precise quantitative correlation.

CONSEQUENCE OF CHANGE IN THE

COMMON WATER SUPPLY

A more cogent type of epidemiological
evidence is now added to that shown

by concomitant variations. Three com-

munities where the endemicity of mot-
tled enamel had been confirmed by
survey, changed their communal water
supply from one containing a fluoride
concentration now known to be suffi-
cient to produce endemic mottled enamel
to one practically free of fluorides.
Each community presented the indis-
pensable conditions of a susceptible pop-
ulation * using the " new " water sup-

ply and a sufficient lapse in time (8-10
years) for a study of the consequent

FIGURE II

THE RELATION Of CLINICAL SEVERITY TO THE
FLUORIDE (F) CONCENTRATION

O 2 3 4 S 6 7 a
FLUORIDE (F) CONCENTRATION OF COMMON WATER SUPPLY IN P.PM.

* Children in whom the crowns of their permanent
teeth were calcifying.
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Age Group
or

School
Grade

Examined
9 Year
9-10-11 yrs.
5th, 6th Gr.
9-10-11 yrs.

9 Year

9-10-11 yrs.
9 Year
9-10-11 yrs.

4, 5, 6 Gr.
2-12 Gr.
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CHILDREN WHO CALcIFIED THEIR

......

PERMANENT TEETH WHILE USING:

I _.

...:~~ ~~~..

"Old " Bauxite Water " New " Bauxite Water
Mottled Enamel: Severe Normal

"Old" Oakley Water "New" Bauxite Water
Mottled Enamel: Moderate Normal

" Old " Oakley Water
Mottled Enamel: Mild

"New" Oakley Water
Normal
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differences. The two sets of circum-
stances were similar in all respects save
for the one difference, the change in
the water supply. The surveys made
prior to the change in the water supply
and the resurvey made after the requi-
site lapse of time were made by either
one or the other of the writers. The
communities studied were: Oakley, Ida.,
Bauxite; Ark., and Andover, S. D.

Oakley, Ida.-The first instance of
a community changing its public water
supply solely for the purpose of pre-
venting mottled enamel is that of
Oakley, Ida. A survey of this com-
munity was made by one of us 2 in
February, 1925. Seventy-eight children
whose histories indicated cohatinuous
residence and uninterrupted use of the
common water supply were examined.
The incidence of affection was 100 per
cent. The common water supply of-
Oakley at the time of the survey was
obtained from a warm spring. Follow-
ing the survey, the community on July
1, 1925, changed its water supply, the
new supply being obtained from a
nearby cold water spring. The selec-
tion of this water was based on the
observation that the 4 children of a
family' using this spring were free of
mottled enamel.

Approximately 7Y2 years (February,
1933) after the change in the common
water supply, Oakley was resurveyed.8
Twenty-four children born since the
change in the water supply were ex-
amined. All showed normal calcification
in those permanent teeth which at that
time had erupted. According to analyses3
made by Churchill, the " old " Oakley
water contained 6.0 p. p. m. of fluorine;
the " new " supply, less than 0.5 p. p. m.

Bauxite, Ark.-In February, 1928,
a mottled enamel survey of Bauxite
was made by Kempf and McKay.4
Sixty of the 62 children of con-
tinuous residence examined showed
mottled enamel, generally of a severe
type. Of the two classified as normal,

Kempf and McKay recorded in a foot-
note that although the homes of these-
children were piped for the city water,
it appears that it was only used oc-
casionally for domestic purposes. The
water used by the 60 affected children
examined during the 1928 survey was
obtained from deep wells and, according
to Churchill,5 contained 13.7 p. p. m.
of fluoride (F).

In May, 1928, the Bauxite water sup-
ply was changed, the "new " sup-
ply being obtained from the nearby
Saline River. A resurvey 6 by the
writers in March, 1938, showed that of
the 45 children born since the change
in the water supply, only 2 showed
even the mildest form of mottled
enamel.* The "-new " filtered river
water supply is practically free of fluor-
ides, containing less than that deter-
minable routinely (0.2 p.p.m.).

Andover, S. D.-In 1916, one of us
(F. S. McK.) made a qualitative survey
of the school children of Andover and
found mottled enamel endemic, asso-
ciated with the use of the water from
the city artesian well supply.7 In 1928
this deep well water supplyt failed and
the community was forced to change
from the 800' artesian to a dug shallow
well 22' deep. An examination of the
school children by one of the writers
(H.T.D.) in April, 1938, showed that

* A possible explanation of the two " very mild"
cases is contained in the detailed report of the
Bauxite resurvey (Pub. Health Rep., 53:1736-1748
(Sept. 30), 1938). The fluoride (F) content of the
" old " Bauxite water was so unusually high, 13.7
p.p.m., that the question of antepartum maternal
fluorosis and subsequent transfer of small amounts of
fluorides in the mother's milk cannot be excluded.
The 7 year old child with the "very mild" diag-
nosis was nursed 15 months. Consideration might
also be given to possible fluoride deposits from the
" old " supply in the water pipes and cooking
utensils.

t The fluoride content of the " old " Andover
(S.D.) deep well water is not known, but presumptive
evidence based on clinical mottled enamel among
those who calcified their permanent teeth while using
this water indicates that it contained fluorides, prob-
ably in the neighborhood of 2.5-3.0 p.p.m. of
fluorine. Wells of comparable depth in the im-
mediate rural district are likewise producing mottled
enamel.
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TABIE II

~SUMIMARY OF THE FINDINGS IN SURVEYS OF THREE COMMUNITIES WHERE
THE PRODUCTION OF MOTTLED ENAMEL WAS HALTED BY A CHAN-GE

IN THE COMMON WATER SUPPLY

FINDINGS OF ORIGINAL SURVEY L > Iia

AGE OF CHILD AT TIME OF EXAMINATION O-51r4ll154113112111019876 00>O C J 0 Z

OAKLEy, WATER USED-CALCIFICATION PERIOD WARM SPRING SUPPLY J Z X X If
IDAHO NUMBEROFCHILDREN EXAMINED 78 W 0.D

FEB.1925 0/0 HAVING MOTTLED ENAMEL 100 OD W De
BAUXITE WATER USED-CALCIFICATION WATER X Z I iZ_
ARKANSAS NUMBER OFCCHILDREN EXAMINED 3 1 3 7 2 2 4 8 10 13 9 00 i

0
3 °

FEB. 1928 %/o HAVING MOTTLED ENAMEL 66 100 60 0 wi 6 b 3

ANDOVER WATER USED-CALCIFICATION PERIOD DEEP ARTESIAN WELL LI
_jJ 0 _

SO. DAK. NUMBER OF CHILDREN EXAMINED NOT STATED a a ok _ 2 o
OCT. 1916 %0/ HAVING MOTTLED ENAMEL QUALITATIVE SURVEY ONLY < J D z < W J

MEDIUM DEGREEOFENDEMICITY ! Z _i. Z ZZ
J Ui.

FINOINGS OF RESURVEY o1 P.PM. / P.P M.
AGE OF CHILD AT TIMIE Of EXAMINATION Ms"'jR 1511411,3112|111 JOJ9 18 17 Jr. .rM,M
OAKLEY WATER USED-CALCIFICATION PERIODWARM SPR.SUPPLYBupOTH COLD
IDAHO NUMBER OFOHILDREN EXAMINED | 15 11 3 11 15 14 16
FEB. 1933 I/o HAYING MOTTLED ENAMEL Hi 93Iil6 134[0 92 6.0 0O

BAUXITE WATER USEO-CALCI.FICATION PERIOD DEEP BBOTH FILTEREV1 WELL ISPPLIES RIVIER WATERI
ARKANSAS NUMBER OF CHILDREN EXAMINED 7 7 106 7 5 13 8 14 5 137 4
MAR.1938 0/0 HAVING MOTTLED ENAMEL 108070

ANDOVER WATER USED-CALCIFICATION PERIOD DLE P ART-I BOTH SHALLOW
I '~~~~~~~~SIANWELL SPU DUG WELLI

SO. DAK. NNUMBER OF CHILDREN EXAMINED 6 5 2 [2S 1 16 a 0 6 o 721 +

APR.1938 HAVING MOTTLED ENAMEL 185 6050 5040|0 0 - o- |

- IN THIE TWO NORMAL CASES AUTHORS RECORD IN FOOT NOTE, DISCONTINUITIES IN USE
OF COMMON WATER SUPPLY.

t ON THE BASIS OF CLINICAL EVIDENCE, ARTESIAN WELL SUPPLY PRESUMABLY CONTAINED
ABOUT 2.5 TO 5.0 PARTS PER MILL101 OF FLUORIDE (F).

the 14 children, 6-10 years of age, born
since the change in the water supply,
presented normal calcification of the
permanent teeth. The "new" water
supply used by these children was
-found to be free of toxic amounts of
fluoride.

DISCUSSION
An analysis of the findings, by age

groupings, of the resurveys recorded
in Table II shows the striking differ-
ences resulting from the mere change
in the water supply. Those in the
higher age groups who calcified their
permanent teeth while using the " old "

water supply show an incidence of
mottled enamel comparable to that ob-
served during the original survey. Next
a definite decrease in the percentage
incidence of affection becomes manifest
in those children whose dental calcifi-

cation period overlapped the change in
the water supply (age group who calci-
fied their teeth while using both water
supplies), and finally the relative free-
dom from mottled enamel in those born
subsequent to the change in the water
supply. These decreasing percentage
incidences of clinical affection speak for
themselves. With respect to Oakley,
they were 92, 20, and 0; Bauxite, 100,
52, and 4; and Andover, 69, 37, and 0,
respectively.
While we are fully aware that the

number of observations is compara-
tively small, the effects noted are con-
sistent. The observations, moreover,
were limited to those children constantly
exposed to the risk of the disease,
namely, they were born in the com-
munity, had in general always resided
there, and had always used the common
water supply for both drinking and

394 June, 1939
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cooking. In the case of the resurvey
at Bauxite, the facts with respect to
residence and water consumption were
verified in each instance by an inter-
view with the child's parent.

In specific water-borne diseases, the
time intervening between the elimina-
tion of the antecedent cause and the
nonappearance of the pathological
entity is relatively short. The opposite
characteristic of endemic dental fluorosis
(mottled enamel) makes it unique
among the water-borne diseases. An
interval in time between 8 to 10 years
is required to carry out a human experi-
ment that furnishes clinical proof that
the development of the disease has
stopped.
With the report on the results ob-

tained at Oakley, Ida., Bauxite, Ark.,
and Andover, S. D., showing that the
production of mottled enamel has ac-
tually been stopped by the mere change
in the water supply from one containing
concentration of fluorides toxic to calci-
fying dental enamel to one practically
free of fluoride (or less than 1.0 p.p.m.),
the most conclusive and direct proof
that fluoride in the drinking water is
the primary cause of human mottled
enamel has been presented. The sepa-
rate steps in the complete chain of
evidence may now be summarized as
follows:

1. The evidence pointing to mottled enamel
being a water borne disease.8' 7

2. The finding of fluorides in domestic
waters associated with the production of
mottled enamel.9' 5, 10

3. The experimental production of dental
lesions in white rats and dogs by waters from
endemic areas and waters to which fluoride
has been added.9, 11, 12

4. Quantitative epidemiological studies on
human mottled enamel correlating the fluoride
concentration of the domestic water with the
degrees of clinical severity.13' 1

5. And finally, after the lapse of the neces-
sary interval of 8 to 10 years, the clinical
evidence that the production of human mot-
tled enamel had been halted by merely
changing the common water supply from one
containing fluorides in concentrations toxic

to calcfying dental enamel to one practically
free of fluorides.3' 6

SUMMARY
1. The production of the endemic

hypoplasia of the permanent teeth
known as mottled enamel has been
halted at Oakley, Ida.; Bauxite, Ark.;
and Andover, S. D., by simply changing
the common water supply from one con-
taining amounts of fluorides toxic to
calcifying dental enamel to one whose
fluoride content does not exceed the
permissible maximum, 1 p.p.m.

2. Oakley, Ida., and Bauxite, Ark.,
are the first known instances of com-
munities abandoning an otherwise satis-
factory common water supply solely for
the definite purpose of preventing
mottled enamel; and in itself likewise-
represents the first instance where a
common water supply was changed
solely for the purpose of preventing
a dental disease.

3. The unusually long interval in
time (8-10 years) before the clinical
effects resultant from a change in the
water supply may be observed clinic-
ally, is unique in epidemiological in-
vestigations of water-borne diseases.

4. With the report on the results
obtained in three endemic areas, show-
ing that the production of mottled
enamel has actually been stopped by
the mere change in the water supply
from one containing concentrations of
fluoride toxic to calcifying dental
enamel to one practically free of
fluoride, the most conclusive and direct
proof that fluoride in the domestic
water is the primary cause of human
mottled enamel, has been presented.
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Public Health Administration
IT is indeed the practitioners of

medicine, and chiefly the general
practitioners, who by their observations
at the bedside have pointed out the
way to preserve health and have pro-
claimed the need for public health ad-
ministration in season and out of sea-
son with a most laudable persistence.

Nay, more, the comprehensive character
of public health legislation and admin-
istration, as we see it today, came into
being through public remonstrances by
the medical profession against the dis-
orderly state of the early sanitary laws.
-Health and The State, Walter
Elliot, BritM.J. Feb. 25, 1939.


